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SURJUHVVLYHGHIRUPDWLRQVRFDOOHGUDWFKHWLQJ7KHUDWFKHWLQJHIIHFWKDVEHHQFRQVLGHUHGLQVHYHUDOVWDQGDUGVVXFK
DV$60(>@.7$>@DQG5&&05>@7KHDIRUHPHQWLRQHGUDWFKHWLQJEHKDYLRUVRIVWUDLJKWDQGHOERZSLSHVKDYH
DOUHDG\ EHHQ H[WHQVLYHO\ VWXGLHG LQ WKH OLWHUDWXUH >@ $ QXPEHU RI LQYHVWLJDWRUV GLVFXVVHG H[SHULPHQWDO DQG
QXPHULFDO VWXGLHV RQ UDWFKHWLQJ LQGXFHG E\ UHYHUVHG EHQGLQJ RI SUHVVXUL]HG VWUDLJKW SLSHV DQG HOERZVPDGH RI
FDUERQDQGVWDLQOHVVVWHHOV
&KHQ HW DO >@ SUHVHQWHG DQ RYHUYLHZ RI UHFHQW SURJUHVVHV LQ H[SHULPHQWDO LQYHVWLJDWLRQ DQG ILQLWH HOHPHQW
DQDO\VLV )($RIUDWFKHWLQJEHKDYLRURISUHVVXUL]HGSLSLQJ%DVHGRQH[SHULPHQWDODQG)($UHVHDUFK UDWFKHWLQJ
ERXQGDULHV KDYH EHHQ GHWHUPLQHG ZLWK WKH ILQDO DLP RI DLGLQJ WKH VDIHW\ GHVLJQ DQG DVVHVVPHQW RI HQJLQHHULQJ
SLSLQJVWUXFWXUHV7KHUDWFKHWLQJEHKDYLRURISLSHOLQHVZLWKZDOO WKLQQLQJKDVDOVRUHFHLYHGFRQVLGHUDEOHSUHYLRXV
DWWHQWLRQLQWKHOLWHUDWXUHV0L\D]DNLHWDO>@H[DPLQHGFDUERQVWHHOSLSHVZLWKORFDOZDOOWKLQQLQJXQGHUF\FOLFSXUH
EHQGLQJ ORDGV WR HYDOXDWH WKHLU ORZ F\FOH IDWLJXH VWUHQJWK ,Q ORDG FRQWUROOHG WHVWV RQ WKHVH SLSHV UDWFKHWLQJ
GHIRUPDWLRQ ZDV REVHUYHG DQG WKH IDWLJXH VWUHQJWK EHFDPH ORZHU WKDQ WKDW RI FUDFNHG SLSHV 7KH HIIHFW RI EL
GLUHFWLRQDO ORDGLQJ RQ WKH IDWLJXH FKDUDFWHULVWLFV RI SUHVVXUL]HG  SLSLQJ HOERZVZLWK ORFDO ZDOO WKLQQLQJ ZDV
LQYHVWLJDWHGE\%DODQDQG5HGHNRS>@7KHUHVXOWVSURYLGHGH[WHQVLYHQHZLQIRUPDWLRQDERXWWKHIDWLJXHEHKDYLRU
RISLSLQJHOERZVXEMHFWWRVHLVPLFDFWLRQ=HLQRGGLQLDQG3H\NDQX>@VWXGLHGWKHVWUDLQUDWFKHWLQJRIVWHHOWXEHV
ZLWK D UHFWDQJXODUGHIHFW XQGHU D[LDO F\FOLQJ ,WZDV VKRZQ WKDW WKH VXUIDFH LPSHUIHFWLRQV KDG DYHU\ VLJQLILFDQW
HIIHFWRQWKHUDWFKHWLQJUHVSRQVHRIWKHGHIHFWHGWXEHV7KHHIIHFWVRIVRPHIDFWRUVVXFKDVWKHVWUHVVDPSOLWXGHZDOO
WKLQQLQJDQGWKHPDWHULDOKDUGHQLQJSURSHUWLHVRQWKHUDWFKHWLQJUHVSRQVHRIVWHHOWXEHVZHUHDOVRLQYHVWLJDWHG6KLHW
DO>@VWXGLHGUDWFKHWLQJGHIRUPDWLRQLQHOERZSLSHPDGHRI=&1'1VWDLQOHVVVWHHOZLWKORFDOZDOOWKLQQLQJ
VXEMHFWHGWRFRQVWDQWLQWHUQDOSUHVVXUHDQGUHYHUVHGLQSODQHEHQGLQJXQGHUORDGFRQWURO7KUHHGLPHQVLRQDOHODVWLF
SODVWLF DQDO\VHV XVLQJ $16<6 LQFRUSRUDWHG ZLWK &KDERFKH > @ DQG &KHQ-LDR.LP &-.>@ NLQHPDWLF
KDUGHQLQJPRGHOVZHUHFDUULHGRXWWRHYDOXDWHVWUXFWXUDOUDWFKHWLQJEHKDYLRUV
,QWKHSUHVHQWSDSHUUDWFKHWLQJEHKDYLRURISUHVVXUL]HGVWUDLJKWSLSHRI=&1'1DXVWHQLWLFVWDLQOHVVVWHHO
ZLWKORFDOZDOOWKLQQLQJVXEMHFWHGWRVWXGLHVUHYHUVHGEHQGLQJZDVVWXGLHG7KHORFDOZDOOWKLQQLQJDUHDVDUHORFDWHG
DWRXWVLGHVXUIDFHRIWKHFHQWUHRIVWUDLJKWSLSH5DWFKHWLQJVLPXODWLRQLVSHUIRUPHGE\HODVWLFSODVWLFILQLWHHOHPHQW
DQDO\VHVZLWK$16<6 LQZKLFKPRGLILHG2KQR:DQJPRGHO &-.PRGHO DUH DSSOLHG 7KH HIIHFW RI JHRPHWULF
GLPHQVLRQLQJVXFKDVGHSWKD[LDOOHQJWKDQGFLUFXPIHUHQWLDODQJOHRIORFDOLQVLGHDQGRXWVLGHZDOOWKLQQLQJRQWKH
UDWFKHWLQJEHKDYLRURIVWUDLJKWSLSHZDVLQGLFDWHGUHVSHFWLYHO\
.LQHPDWLFKDUGHQLQJUXOH
&RQVWLWXWLYHPRGHOGHILQHVWKHPDWHULDOVWUHVVVWUDLQUHODWLRQVKLSLQILQLWHHOHPHQWDQDO\VLV7KHUDWHLQGHSHQGHQW
SODVWLFLW\PRGHOVFRQVLGHUHGLQWKLVVWXG\KDVWKHIROORZLQJFRPPRQIHDWXUHV
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ZKHUHV LVWKHVWUHVVWHQVRU eİ  WKHHODVWLFVWUDLQWHQVRU pİ  WKHSODVWLFVWUDLQWHQVRU s  WKHGHYLDWRULFVWUHVVWHQVRU
D WKHFXUUHQWFHQWHURIWKH\LHOGVXUIDFHLQWRWDOVWUHVVVSDFH yV WKHVL]HRIWKH\LHOGVXUIDFHQ WKHSRLVVRQ¶VUDWLR
E WKHHODVWLFPRGXOXVDQGH LVWKHSODVWLFPRGXOXV
:LWKWKHYRQ0LVHV\LHOGFULWHULRQWKHPRVWLPSRUWDQWIHDWXUHRIDSODVWLFLW\PRGHOLQVLPXODWLQJUDWFKHWLQJ
UHVSRQVHVLVWKHNLQHPDWLFKDUGHQLQJUXOHZKLFKGHWHUPLQHVWKHEDFNVWUHVVLQFUHPHQW
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$ NLQHPDWLF KDUGHQLQJ UXOH GLFWDWHV WKH WUDQVODWLRQ RI WKH \LHOG VXUIDFH GXULQJ SODVWLF ORDGLQJ DQG WKHUHE\
LQIOXHQFLQJQRQOLQHDUVWUHVVVWUDLQDQGUDWFKHWLQJUHVSRQVHV
2.1. Modified Ohno-Wang model 
&KHQ HW DO >@ SURSRVHG DPRGLILHG2KQR:DQJPRGHO IRUPXOWLD[LDO UDWFKHWLQJ VLPXODWLRQZKLFK VWDWHV DV
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2.2. Determination of material parameters 
7KHSDUDPHWHUVIRUWKHPRGLILHG2KQR:DQJPRGHO>@ZHUHGHWHUPLQHGIURPXQLD[LDOK\VWHUHVLVORRSXQLD[LDO
DQG UDWFKHWLQJ H[SHULPHQWV RI VWUDLJKW SLSH RI =&1'1 DXVWHQLWLF VWDLQOHVV VWHHO 7KHVH SDUDPHWHUV ZHUH
03DyV  ˈ M    03DC  ˈ  J  ˈ  03DC  ˈ  J  ˈ  03DC  ˈ
 J  ˈ   03DC  ˈ  J  ˈ  03DC  ˈ  J  ˈ  03DC  ˈ  J  ˈ
im  
1RWHWKDWRQO\VL[GHFRPSRVHGUXOHVZHUHXVHGIRUVLPXODWLQJWKHPDWHULDOUHVSRQVHV7KHPDWHULDOVLPXODWLRQV
ZLWKWKHGHWHUPLQHGSDUDPHWHUVDUHVKRZQLQ)LJ7KHPXOWLD[LDOSDUDPHWHUZDVGHWHUPLQHGE\SLSHH[SHULPHQWV
VKRZQLQ)LJG


)LJD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E8QLD[LDOUDWFKHWLQJVWUDLQF8QLD[LDOWHQVLRQG8QLD[LDOUDWFKHWLQJVWUDLQ
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6WUXFWXUDOVLPXODWLRQ
3.1. Geometric model 
5DWFKHWLQJ EHKDYLRU RI VRXQG SUHVVXUL]HG VWUDLJKW SLSH VXEMHFWHG WR UHYHUVHG LQSODQH EHQGLQJ XQGHU IRUFH
FRQWUROOHGZDVVWXGLHGLQWKHUHIHUHQFH>@%DVHGRQVNHWFKRITXDVLWKUHHSRLQWEHQGLQJDSSDUDWXVWKHUHIHUHQFH
>@DVVKRZQ LQ)LJ UDWFKHWLQJGHIRUPDWLRQRISUHVVXUL]HGVWUDLJKWSLSHZLWK ORFDOZDOO WKLQQLQJVXEMHFWHG WR
UHYHUVHG LQSODQHEHQGLQJXQGHUIRUFHFRQWUROOHGZDVVWXGLHG LQ WKHSDSHU/RFDOZDOO WKLQQLQJRFFXUUHGDW LQVLGH
DQGRXWVLGHZDOORISRVLWLRQ$FFRUGLQJWRWKHV\PPHWU\RIVWUXFWXUHDQGORDGLQJFRQGLWLRQVUDWFKHWLQJVWUDLQDW
SRVLWLRQDQGLQ)LJZDVPDLQO\VWXGLHGLQWKHIROORZLQJ


)LJ6NHWFKRITXDVLWKUHHSRLQWEHQGLQJDSSDUDWXVDQGVWUDLQJDXJHSRVLWLRQV>@
3.2. Finite element model 
3.2.1. Finite element model 

)LJ6FKHPDWLFLOOXVWUDWLRQVRIVWUDLJKWSLSHZLWKORFDOZDOOWKLQQLQJDWSRVLWLRQDLQVLGHVXUIDFHERXWVLGHVXUIDFH

 
D E
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
)LJ7\SLFDOILQLWHHOHPHQWPHVKHVD)LQLWHHOHPHQWPRGHODWRXWVLGHVXUIDFHE0HVKLQJDWRXWVLGHVXUIDFHF)LQLWHHOHPHQWPRGHODW
RXWVLGHVXUIDFHG0HVKLQJDWLQVLGHVXUIDFH
)LJXUH  VKRZHG WKH VFKHPDWLF GLDJUDP RI JHRPHWULF GLPHQVLRQLQJ RI VWUDLJKW SLSHZLWK ORFDOZDOO WKLQQLQJ
$FFRUGLQJ WR)LJDQG)LJ ILQLWHHOHPHQWPRGHOZDVFRQVWUXFWHG)LQLWHHOHPHQWPRGHODQGPHVKRIVWUDLJKW
SLSH ZLWK LQVLGH DQG RXWVLGH ORFDO ZDOO WKLQQLQJ DW SRVLWLRQ ZDV UHVSHFWLYHO\ LQGLFWHG LQ )LJ  (OHPHQW W\SH
6ROLGLQ$16<6DQGVZHHSPHVKZDVXVHG$TXDUWHURIWKHVWUXFWXUHLVLQFOXGHGGXHWRV\PPHWU\RIWKHVWUDLJKW
SLSHDQGORDGLQJFRQGLWLRQV,QDGGLWLRQWRWKHV\PPHWULFGLVSODFHPHQWFRQVWUDLQWVGLVSODFHPHQWLQWKH\GLUHFWLRQ
LVDSSOLHGWRWKHFHQWUDOSRLQWRIWKHHQGSODWH,QWHUQDOSUHVVXUHLVDSSOLHGWRWKHLQVLGHVXUIDFHRIWKHSLSHDQGHQG
SODWH5HYHUVHGEHQGLQJORDGRUF\FOLFYHUWLFDOGLVSODFHPHQWLQWKH\GLUHFWLRQLVGLVWULEXWHGWRQRGHVDWWKHSRVLWLRQ
FRUUHVSRQGLQJWRWKHFHQWUDOOLQHRIWKHFOLSERDUGRIWKHXSSHUORDGLQJEHDP
3.2.2. Results and discussions 
)LJXUH  JDYH HTXLYDOHQW VWUHVV DQG HTXLYDOHQW SODVWLF VWUDLQ FRQWRXU LQ WKH ILIWLHWK F\FOHV RI VWUDLJKW SLSH
VXEMHFWHG WR03D LQWHUQDOSUHVVXUHDQGN1EHQGLQJ ORDGLQJ7KHGLPHQVLRQVRI ORFDO LQVLGHZDOO WKLQQLQJDW
SRVLWLRQZDVPPGHSWKPPD[LDOOHQJWKDQGFLUFXPIHUHQWLDODQJOH/RFDOZDOOWKLQQLQJZKLFKUHVXOWHGLQ
VWUHVVFRQFHQWUDWLRQDQGDFFXPXODWLRQSODVWLFVWUDLQEURXJKWDERXWWKHVWUXFWXUDOGLVFRQWLQXLW\6WUHVVFRQFHQWUDWLRQ
RFFXUUHGDWSRVLWLRQ$DVVKRZQLQ)LJD7KHPD[LPXPHTXLYDOHQWSODVWLFVWUDLQRFFXUUHGDWSRVLWLRQ)LJ
E5DWFKHWLQJVWUDLQH[WHQGHGIURPWKHFHQWUHWRWZRHQGRIVWUDLJKWSLSH
)LJXUH D LQGLFDWHG WKDW WLPH D[LDO DQG FLUFXPIHUHQWLDO VWUDLQ FXUYH 7KH UHODWLRQVKLS RI D[LDO DQG
FLUFXPIHUHQWLDOVWUDLQZDVJLYHQLQ)LJE)LJVKRZHGWKHHYROXWLRQUXOHRID[LDODQGFLUFXPIHUHQWLDOUDWFKHWLQJ
VWUDLQDWSRVLWLRQDQG7KHPD[LPXPUDWFKHWLQJVWUDLQRFFXUUHGDWWKHFLUFXPIHUHQWLDOGLUHFWLRQRISRVLWLRQ
$[LDOUDWFKHWLQJVWUDLQZDVUHODWLYHO\VPDOOHU7KHRUGHURIUDWFKHWLQJVWUDLQZDVUHVSHFWLYHO\DWSRVLWLRQ
ZKLFKGHFODUHGWKDWUDWFKHWLQJVWUDLQH[WHQGHGIURPWKHFHQWUHWRWZRHQGRIVWUDLJKWSLSH

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D E

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D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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3.3. The effect of geometric dimensioning and position on the ratcheting behavior of straight pipe 
7KHHIIHFWRIGHSWKD[LDO OHQJWKDQGFLUFXPIHUHQWLDODQJOHRIORFDOZDOO WKLQQLQJRQ WKHUDWFKHWLQJEHKDYLRURI
VWUDLJKWSLSHZDVVWXGLHGLQWKHSDSHU7KHJHRPHWULFGLPHQVLRQLQJRIORFDOZDOOWKLQQLQJZDVOLVWHGLQ7DEOH
7DEOH1XPHULFDOPDWUL[IRUWKHVWUDLJKWSLSHZLWKORFDOZDOOWKLQQLQJ
1R 'HSWKdt PP D[LDOOHQJWK tlPP &LUFXPIHUHQWLDOOHQJWKĮ 3RVLWLRQV
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
    LQVLGHRXWVLGHZDOO
3.3.1. The effect of depth on the ratcheting behavior of straight pipe 
)LJXUHJDYHWKHHIIHFWRIGLIIHUHQWGHSWKRIORFDOZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQRIVWUDLJKWSLSHPPD[LDO
OHQJWKDQGFLUFXPIHUHQWLDODQJOHRIORFDOZDOOWKLQQLQJZDVFRQVWDQW5DWFKHWLQJVWUDLQRIVWUDLJKWSLSHZLWKORFDO
LQVLGHRURXWVLGHZDOO WKLQQLQJ LQFUHDVHGZLWK WKH LQFUHDVLQJRIGHSWK)RU WKH VDPHJHRPHWULFGLPHQVLRQLQJ WKH
HIIHFWRIORFDORXWVLGHZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQZDVODUJHUWKDQWKDWRILQVLGHZDOOWKLQQLQJ


)LJ+RRSUDWFKHWLQJVWUDLQZLWKGLIIHUHQWORFDOZDOOWKLQQLQJGHSWKVDQGSRVLWLRQVDWSRVLWLRQ
3.3.2.  The effect of axial length on the ratcheting behavior of straight pipe 
2QHPPGHSWK DQG FLUFXPIHUHQWLDO DQJOHRI ORFDOZDOO WKLQQLQJZDV FRQVWDQW WKH HIIHFW RIGLIIHUHQW D[LDO
OHQJWKVRIORFDOZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQRIVWUDLJKWSLSHZDVVKRZQLQ)LJ5DWFKHWLQJVWUDLQRIVWUDLJKW
SLSHZLWKORFDOLQVLGHRURXWVLGHZDOOWKLQQLQJLQFUHDVHGZLWKWKHLQFUHDVLQJRID[LDOOHQJWK)RUWKHVDPHJHRPHWULF
GLPHQVLRQLQJ WKH HIIHFW RI ORFDO RXWVLGH ZDOO WKLQQLQJ RQ UDWFKHWLQJ VWUDLQ ZDV ODUJHU WKDQ WKDW RI LQVLGH ZDOO
WKLQQLQJ
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
)LJ+RRSUDWFKHWLQJVWUDLQZLWKGLIIHUHQWORFDOZDOOWKLQQLQJD[LDOOHQJWKDQGSRVLWLRQDWSRVLWLRQ
3.3.3. The effect of circumferential angle on the ratcheting behavior of straight pipe 
)LJXUH  LQGLFDWHG WKDWPP D[LDO OHQJWK DQG PP GHSWK RI ORFDOZDOO WKLQQLQJZDV FRQVWDQW WKH HIIHFW RI
GLIIHUHQW FLUFXPIHUHQWLDO DQJOH RI ORFDO ZDOO WKLQQLQJ RQ UDWFKHWLQJ VWUDLQ RI VWUDLJKW SLSH 5DWFKHWLQJ VWUDLQ RI
VWUDLJKWSLSHZLWKORFDOLQVLGHRURXWVLGHZDOOWKLQQLQJLQFUHDVHGZLWKWKHLQFUHDVLQJRIFLUFXPIHUHQWLDODQJOH)RUWKH
VDPHJHRPHWULFGLPHQVLRQLQJWKHHIIHFWRIORFDORXWVLGHZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQZDVODUJHUWKDQWKDWRI
LQVLGHZDOOWKLQQLQJ
,QVXPPDU\WKHHIIHFWRIGHSWKD[LDOOHQJWKDQGFLUFXPIHUHQWLDODQJOHRIORFDOZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQ
RISUHVVXUL]HGVWUDLJKWSLSHXQGHUEHQGLQJZDVFRPSDUHG UHVSHFWLYHO\5HVXOWV IRXQG WKDW WKHHIIHFWRIGHSWKDQG
D[LDOOHQJWKRIORFDOZDOOWKLQQLQJRQUDWFKHWLQJVWUDLQZDVODUJHUWKDQWKDWRIFLUFXPIHUHQWLDODQJOH


)LJ+RRSUDWFKHWLQJVWUDLQZLWKGLIIHUHQWORFDOZDOOWKLQQLQJFLUFXPIHUHQWLDODQJOHVDQGSRVLWLRQVDWSRVLWLRQ
1469 X.H. Chen and X. Chen /  Procedia Engineering  130 ( 2015 )  1460 – 1469 
&RQFOXVLRQV
5DWFKHWLQJ EHKDYLRU RI VWUDLJKW SLSH ZLWK ORFDO ZDOO WKLQQLQJ VXEMHFWHG WR LQWHUQDO SUHVVXUH DQG EHQGLQJ ZDV
VWXGLHGE\PHDQVRIILQLWHHOHPHQWDQDO\VLVDQG&-.PRGHO5HVXOWVLQGLFDWHGWKDWUDWFKHWLQJVWUDLQRIVWUDLJKWSLSH
ZLWK ORFDO LQVLGH RU RXWVLGH ZDOO WKLQQLQJ LQFUHDVHG UHVSHFWLYHO\ ZLWK WKH LQFUHDVLQJ RI GHSWK D[LDO OHQJWK DQG
FLUFXPIHUHQWLDODQJOH)RUWKHVDPHJHRPHWULFGLPHQVLRQLQJWKHHIIHFWRIORFDORXWVLGHZDOOWKLQQLQJRQUDWFKHWLQJ
VWUDLQZDV ODUJHU WKDQ WKDW RI LQVLGHZDOO WKLQQLQJ0RUHRYHU WKH HIIHFW RI GHSWK DQG D[LDO OHQJWK RI ORFDO ZDOO
WKLQQLQJRQUDWFKHWLQJVWUDLQZDVODUJHUWKDQWKDWRIFLUFXPIHUHQWLDODQJOH
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